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Ever since Arnold and Zemlicka
1
 extended the then known 

Vilsmeir-Haack
2
 formylation reaction to active methylene 

carbonyl compounds they found that the course of reaction 

yielded the corresponding β-chloroacroleins instead of only the 

corresponding aldehydes in moderate to good yields. These 

chloroacroleins have been proved to be powerful 1, 3-

dielectrophilic building blocks and employed extensively for the 

synthesis of five and six member heterocycles, resulting in an 

extensive literature on these developments in several reviews
3,4,5,6 

However, the chemistry of these chloroacroleins suffers 

certain limitations due to their unstable nature. Hence many 

workers generally prefer to synthesize them freshly and use 

immediately in the following steps. In some studies attempts 

have been made to develop stabilizers to prolong the life of these 

intermediates. For example Paquette and co-workers
7
 have 

suggested that a small quantity of anhydrous sodium acetate 

could prolong the life of chloroacroleins derived from 

cyclohexanone for two weeks without apparent decomposition.
 

Since the chemistry of β-(methylthio)acroleins and the 

corresponding chloroacroleins are similar to that of α-oxoketene 

dithioacetals in terms of their structural similarity and common 

behavior towards 1,2- and 1,3 bi-nucleophiles to yield the 

corresponding five and six member heterocycles
8
, the vast body 

of literature on β-chloroacroleins therefore assumes greater 

synthetic potential as 1, 3-dielectrophilic three carbon building 

blocks. However, they are not available commercially for their 

general use as synthetic intermediates due to their instability.   

The identity of these intermediates with α-oxoketene 

dithioacetals prompted us to examine the possible structural 

change without disturbing their 1, 3-dielectrophilic centers, so 

that we have a large body of stable building blocks at hand to 

explore their chemistry. Our experience in organosulfur 

chemistry prompted us to transform the active chlorine group to 

the corresponding methylthio group so that the new class of 

building blocks thus obtained may display improved stability 

without sacrificing their 1,3-dielectrophilic character. There are 

couple of methods to achieve the displacement of active chlorine 

in organic molecules: Since the methanethiol itself is a gas 

available only in cylinders, which is difficult to avail in many 

laboratory facilities, there are other sources of methyl mercaptans 

such as methylthiolesters,
9
 and methylthiouraniumsulphate

10 

which can produce sodium methylate under alkaline hydrolytic 

conditions.  

Interestingly, recently Degani and co-workers
11

 have found 

that Dimethyldithiocarbonate (DDC) is an excellent source of 

methylmercaptan which can be generated ‘insitu’ in the presence 

of 30% potassium hydroxide. We have successfully shown that 

the active chlorine in chloroacroleins could be easily displaced by 

Degani’s method as described in our earlier publication
12

.   
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(Methylthio)acroleins 1a-m were shown to be stable unlike their counterpart the 

chloroacroleins and their efficacy as 1,3-dielectrophilic properties have now been 

examined successfully in this work. They are shown to react with ethyl thioglycolate in the 

presence of anhydrous potassium carbonate in boiling ethanol to yield the corresponding 5-

substituted / 4,5-annulated-2-carbethoxy thiophenes in 70-80% overall high yields. 

.  
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We became further interested to examine their synthetic 

applications on the lines of the corresponding chloroacroleins and 

oxoketene dithioactals.  

We here in report our first example of synthetic application 

involving the reaction of (methylthio)acroleins with 

ethylthioglycolate in the presence of base with a view to develop 

a method for the synthesis of corresponding 2-carbethoxy-5-

substituted thiophenes
25

. Thus when a solution of equimolar 

quantities of (methylthio)acroleins 1a and ethylthioglycolate 

dissolved in ethanol was refluxed in the presence of anhydrous 

potassium carbonate afforded  the corresponding 2-carbethoxy -

5- substituted thiophene 2a in 81% yield (Scheme 1)  

 This is our first attempt to verify the reactivity of β-

(methylthio) acroleins with ethylthioglycolate and results 
were   presented here in comparison to that of their precursors 

haloacroleins.  

 

 

Scheme 1 

 However it must be noted that this thiophene was reported 

earlier by Mavrova and co-workers
13

 by reaction between phenyl 

chloroacrolein and ethylthio glycolate in the presence of base to 

yield the corresponding thiophene 2a in 40% yield. Also Reddy 

and co-workers have reported the synthesis of 2a under 

microwave conditions using phenyl chloroacrolein in the 

presence of base and obtained slightly improved yield of 62%. 

They have also carried out this reaction under conventional 

reaction conditions and have not reported the yields separately. 

Mavrova and coworkers
13

 have also reported the synthesis of 

thiophene 2b by reacting p-tolyl chloroacroleins 1b in the 

presence of pyridine to yield the corresponding thiophene 2b in 

56% yield. We have obtained the same thiophene 2b by reacting 

the corresponding p-tolyl-(methylthio) acrolein 1b with 

ethylthioglycolate as described above to yield the corresponding 

thiophene in 78% yield. The same thiophene 2b was also 

prepared by us by treating p-tolyl (methylthio) sulphone acrolein 

3 (Scheme 2) with ethylthioglycolate in the presence of 

potassium carbonate in boiling ethanol to an improved yield of  
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Table-1: Synthesis of 2-carbethoxy-5-substituted/4, 5-

annulated thiophenes (Scheme 1)  
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Reaction conditions
25

: A mixture of (methylthio) acrolein (2.07 

mmol) and ethyl thioglycolate (2.07 mmol) in ethanol (10 mL) 

was heated to 80 
0
C for 1h (monitored by TLC) 
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85%. The required sulphone 3 was obtained by oxidation of 

(methylthio) acrolein 1b by m-Chloroperbenzoic acid (m-CPBA) 

in 60% yield
26

. However the average yield of 2b through 

sulphone is 72.5% involving two steps which is less than the 

yield directly from the corresponding (methylthio) acroleins 2a. 

Therefore it was decided to continue the remaining reactions 

directly from (methylthio) acroleins. 

 In the next series of experiments  (methylthio)acroleins 1c, 

1d, 1e and 1f (Table 1) were reacted with ethylthioglycolate 

under the described reaction conditions to yield the 

corresponding thiophenes 2c, 2d, 2e and 2f  in 76-80% yields 

(Table 1)  

Interestingly Reddy and co workers
14

 and others
15,16

 have 

reported the synthesis of these thiophenes in comparatively low 

yields both by microwave and conventional methods. We 

therefore consider our yields from (methylthio) acroleins are 

much higher than corresponding chloroacroleins. It must be 

however noted that low yields obtained by earlier two research 

groups attributed to their slow decompositions of the 

chloroacroleins during the course of the reaction with 

ethylthioglycolate. 

We further examined the thiophenation from 

(methylthio) acroleins 1h-m (Table 1) to yield the hitherto 

unknown thiophenes 2h-2m respectively. The (methylthio) 

acrolein 1g yielded the corresponding thiophene 2g in 84% yield. 

Similarly the (methylthio) acrolein 1h derived from 2-

acetylthiophene reacted with ethylthioglycolate under the 

described reaction conditions to yield the corresponding 2-

carbethoxy-5-(2-thienyl)-thiophene 2h in 79% yield. The other 

(methylthio) acrolein 1i derived from propiophenone reacted with 

ethylthioglycolate under identical reaction conditions to yield the 

corresponding 4-methyl-5-phenyl-2-carbethoxy thiophene 2i in 

72% yield. Also the (methylthio) acroleins 1j and 1k derived 

from cyclohexanone and cycloheptanone respectively reacted 

with ethylthioglycolate under similar reaction conditions to yield 

the corresponding 4, 5-cycloannulated thiophenes 2j and 2k in 79 

and 80% yields respectively. Next the (methylthio) acrolein 

derived from tetralone 1l also yielded the corresponding 4, 5-

annualated -2-carbethoxy thiophene 2l in 76% yield. Finally the 

(methylthio)acrolein 1m derived from 1-phenyl-3-methyl-

pyrazoline-5-one similarly reacted with ethylthio glycolate to 

yield the corresponding pyrazolo-thiophene 2m in 71% yield.  

The mechanism governing this transformation is 

depicted in Scheme 1. The potassium thioglycolate attacks 1 to 

displace methylthio group followed by intramolecular attack by 

enolate carbanian to the aldehyde carbonyl group with 

elimination of water to yield the desired thiophene (Table 1). 

It is therefore interesting to note that the reactivities of 

both β-chloroacroleins and β-methyl thioacroleins displayed 

identical reactivity with a clear difference of consistently higher 

yields in the case methyl thioacroleins. 

 

Thiophenes are important class of heterocycles 

generally used as
17-24

 pharmaceuticals and in the area of material 

science as organic conductors, semiconductors and light 

emiting diodes etc.,  

In conclusion, we have demonstrated that the β-

(methylthio) acroleins developed by our group display identical 

1,3-dielectrophilic reactivity similar to their precursors 

chloroacroleins with the advantage of better yields of product 

thiophenes. Therefore the chemistry of this group of building 

blocks provides greater advantages over the counterpart 

chloroacroleins in-terms of their stability and yields of the 

products.  

We will continue to explore these new synthetic 

applications to further confirm their superiority as 1,3-

dielectrophilic building blocks.   
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